Antiepileptik ilaçlar (AED), hem insan hem de hayvanlardaki hastalık nöbetlerinin tedavisinde on yıllar boyunca kullanılagelmiştir. Antiepileptik ilaçların farklı türleri mevcuttur ve bu tür ilaçları seçerken geçirilen nöbet çeşidi, ilacın krizi kontrol altına alma hususundaki etkililiği ile kullanılan ilacın masrafı ve yan etkileri dikkate alınır. Epilepsi terapisi, uygun bir antiepileptik ilaç kullanımıyla yürütülen monoterapi şeklinde ya da özellikle dirençli epilepsi vakalarında başvurulan ve iki veya daha fazla antiepileptik ilacın karışımıyla gerçekleştirilen politerapi yöntemiyle uygulanabilir. Antiepileptik ilaçların yan etkileri çeşitlilik arz etmekte olup neredeyse tüm vücut sistemlerini etkiler. Bu değerlendirme, karbamazepin, fenitoin ve bu iki ilacın birleşiminin özellikle Wistar sıçanlarının bilişsel ve nörodavranışsal faaliyetleri üzerindeki yan etkilerini incelemeyi hedeflemektedir. Genel olarak antiepileptik ilaçlarla ilgili ortaya çıkan yan etkiler, ilacın kesilmesine bağlı olarak gözlemlenen ters etki sebebiyle zannedildiği kadar zararlı değildir. Bu değerlendirmede, antiepileptik ilaçların nörodavranışsal aktiviteler üzerindeki etkileriyle ilgili mevcut bilgilere elektronik veri tabanlarından erişilmiştir. Anahtar Kelimeler: karbamazepin, fenitoin, öğrenme, kısa süreli hafıza, hareket kabiliyeti, yetiştirme.
Antiepileptic drugs
Both phenytoin (PHE) and carbamazepine (CBZ) are widely used potent AEDs (Tripathy et al., 2000) . Phenytoin sodium (PHE) is an anticonvulsant used to control grand mal and psychomotor seizures. It can cause various neurological disorders, when given for a long time. It produces chromosomal anomalies and increased incidence of malignant melanoma (Vijay et al., 2009) . PHE blocks voltage-sensitive sodium ion channels; therefore, inhibiting neuronal firing in the brain (RykacezewkaCzerminska, 2007) . Newer AEDs that may have fewer side-effects are now available, but PHE continues to occupy an important role in the pharmacological treatment of epilepsy. This is particularly so for patients on longstanding PHE regimens that may require months to years of modification of the drug regimens and doses to achieve optimal control of their disease (Chen et al., 2001) .
Carbamazepine is an iminostilbene, a dibenzepine derivative that is chemically and pharmacologically related to tricyclic antidepressant agents (Bazil & Pedley, 2003) . CBZ is a highly used conventional AED, which has efficacy in attenuating picrotoxin-induced convulsion (Ali et al., 2003) . CBZ is the usual drug of choice for patients with newly-diagnosed partial onset seizure (Shaikh et al., 2011) . Side-effects of CBZ include: drowsiness, accommodation disorders among others (Jallon, 2007) .
Rational polypharmacy of antiepileptic drugs
Epilepsy treatment has evolved from institutionalised polytherapy to dogmatic monotherapy and then to rational polypharmacy (Kramer, 1997) . Polytherapy in epilepsy is a preferred regimen in patients with intractable seizures (Loscher & Ebert, 1996) . The rationale for combining some AEDs is usually based upon the presumptions concerning two aspects of efficacious treatment; the first aspect is directly related to the anticonvulsant activity of the combination drugs, while the second one takes into consideration the side-effect profile of the coadministered drugs (Czuczwer et al., 2001 ) & (Le Couteur & Child, 1998 . It has been established that polytherapy gives an improved control of epilepsy (Sun et al., 2002) . Rational polypharmacy of AEDs is one of the treatment strategies for refractory epilepsy (Cascino, 1990) .
Role of Rational Polypharmacy in the Treatment of Refractory Epilepsy
Refractory epilepsy or intractable seizures occur when epileptic symptoms are not responding to treatment. Seizures are well controlled with a single anticonvulsant in most epileptic patients. However, about 20% of patients with primary generalised epilepsy and 35% of patients with focal epilepsy have medically intractable
Introduction
The prevalence and phenomenology of naturallyoccurring canine epilepsy are similar to those of humans, and it has been observed that head trauma in dogs is associated with a significant risk of developing epilepsy (Steinntze et al., 2013) . Behaviour and cognition in patients with epilepsy may be affected by multiple factors including aetiology of the seizure, seizure type, frequency, duration, and severity; cerebral lesions acquired before seizure onset; age at seizure onset; intraictal and interictal physiological dysfunction due to the seizures; structural cerebral damage due to repetitive or prolonged seizures; hereditary factors; psychosocial factors; sequelae of epilepsy surgery; and untoward effects of antiepileptic drugs (AEDs) (Loring and Meador, 2001) . Subtle impairment of cognitive function and behaviour occur with modest or therapeutic levels of phenytoin (PHE), valproic acid (VPA), phenobarbitone (PB) and carbamazepine (CBZ) (Balakrishnan et al., 1998) . (Meador et al., 1991) reported that rather than being overtly manifest, subtle changes in cognitive and psychomotor functions do occur commonly with long-term antiepileptic drug (AED) therapy, especially phenytoin. Although the behavioural and cognitive effects of AEDs are less than the total of other factors of epilepsy, AEDs are of special concern because they are the major therapeutic modality for seizures and studying the cognitive effects of an AED should first be carried out in normal nonepileptic subjects. More importantly, a drug should theoretically be tested in well defined epilepsy syndromes with 'as homogeneous as possible' patient populations. An anti-epileptic drug theoretically can induce different cognitive effects in different epilepsy syndromes (Lagae, 2006) . For instance, it is known that frontal epilepsy in a child is more prone to attention problems (Auclair et al 2005) . The most common AED cognitive effects include psychomotor slowing, reduced vigilance, and impairments in memory (Loring and Meador, 2001) . Phenobarbital (PB) and benzodiazepines (BZDs) possess the most marked adverse cognitive effects; major older AEDs, carbamazepine (CBZ), phenytoin (PHT), and valproate (VPA) have similar cognitive effects while the newer AEDs Gabapentine (GBP), lamotrigine (LTG), Tiagabine (TGB) and vigabatrin (VGB) produce fewer cognitive effects. Of the new AEDs, topiramate (TPM) appears to have the greatest cognitive side effect (Loring and Meador, 2001 ).
Therapy
Antiepileptic drugs (AEDs) are designed to reduce neuronal irritability and are the first choice for the treatment of new-onset epilepsy. In addition to their effects on abnormal brain activity, AEDs also decrease normal neuronal excitability, which may adversely affect cognitive function. But, the cognitive side effects of AED monotherapy are generally not pronounced when anticonvulsant blood levels are within the standard therapeutic range (Dodrill and Trompin, 1991) . Cognitive side effects may be partially offset in patients with frequent seizures simply by virtue of their therapeutic effects on seizure control. The risk of significant cognitive side effects increases with higher drug dosages and with (Nawakowska, 2011) reported decreased locomotor and rearing activities in rats administered CBZ, PHE and their combination. Decreased locomotor activity following CBZ administration was also observed in mice (Lusczki, 2004) and rats (Gillham et al., 1988) . Similarly, (Lusczki, 2004) reported that combining two sodiumchannel blockers may result in a considerable reduction in locomotion of the animals tested; which apparently, induced the potentiation, rather than the summation of hypo-locomotor effects produced by the combined AEDs.
Effects of carbamazepine and/or phenytoin on learning and memory
The complex relationship between fits, cognitive impairment, psycho-social difficulties and underlying cerebral pathology has been the subject of several investigations. There has been a growing body of evidence that a fifth factor, the presence of AEDs in the brain, contributes independently to disruption of intellectual functioning (Bourgeosis, 2004) . Several non-independent factors and each to a variable extent contribute to the possible cognitive problems in epilepsy but are very difficult to study separately (Bourgeosis et al 1983) . Probably the most important determinants are the epileptic process itself and the underlying brain dysfunction/pathology with symptomatic epilepsy having a worse outcome than idiopathic epilepsy (Vandelinden & Lagae, 2004) . The unique contributions of the epilepsyrelated factors, such as the age of onset (Tromp et al., 2003) , type of seizures and epilepsy syndrome, frequency of seizures and epileptic abnormalities on the EEG are more difficult to disentangle (Aldenkamp et al., 1993) . It is the combination of the underlying brain dysfunction with an epileptic syndrome at a certain age that explains the cognitive profile (Lagae, 2006) . It is clear that all the older drugs can induce psychomotor slowing to a variable extent which is a basic cognitive instrument (Farwell et al., 1990) . Psychomotor slowing is generally measured in reaction time studies and anti-epileptic drugs typically induce a 100-200 ms (milliseconds) increase of reaction time. This reaction time increase can be very critical in some natural situations and especially during learning situation (Riva et al., 1996) and (Forsyth et al., 1991) . That AEDs also suppress epilepsy through their effect on the hippocampus may be responsible for the cognitive deficit observed, since the same part of the brain plays an important role in memory. This, therefore, makes the hippocampus and its connections, which play important roles in epileptogenesis, memory and learning, (Mathews et al., 2011); (Fitzgerald et al., 2013) , to be central to the beneficial and unwanted (adverse) effects of AEDs. The administration of CBZ and/or PHE impairing learning ability has been demonstrated in some studies (Rajesh et al., 1991) ; (Bourgeosis, 2004) . (Ogunrin et al., 2005) , (Shannon & Love, 2005) and (Pulliainen & Jokolliainen, 2005) who reported impairments which are more pronounced following CBZ than with PHE administrations but (Aliyu et al., 2016) had a reversed observation with rats in their studies. Greater learning impairment was observed when the drugs were combined indicating a more cognitive deficit (Zhan, 1998) ; (Aliyu et al., 2016) .
seizures (Reuten & Berkovich, 1995) ; (Jinsook et al., 2007) . Some medical approaches undertaken in the management of intractable epilepsy include the use of drugs with complementary mechanisms of action, stimulation of various components of the nervous system, biochemical manipulations, focal intracerebral drug perfusion and gene therapy (Jallon, 2007) . Some of the drug combinations employed in rational antiepileptic polypharmacy include; Levetiracetam and carbamazepine (Lusczki, 2004) , carbamazepine and valproate (Sun et al., 2002) , lamotrigine and valproate, lamotrigine and carbamazepine, lamotrigine and diphenylhydantoin (Lusczki, 2004) , carbamazepine and phenytoin (Lai et al., 1992) , carbamazepine and phenytoin (Perruca &Richens, 1980) , carbamazepine, phenytoin, phenobarbital and valproic acid (Bhosale et al., 2014) .
Side-effects of Antiepileptic drugs
The incidence of adverse effects is an important issue when prescribing antiepileptic drugs (AEDs), as some of the most effective medications for seizures are associated with a considerable degree of toxicity. Studies indicate that drug tolerance by individuals is a significant limiting factor in the treatment of seizure and drug retention rates are often determined by side-effect profiles (Bootsman et al., 2009); (Chung et al 2007) . Older AEDs may still be prescribed, owing to advantages that include lower cost, wide availability and long-term usage with known effects, but often exhibit greater toxicity than newer drugs (Eddy et al., 2011) . Newly developed agents tend to differ in terms of mechanisms of action and pharmacokinetic properties, and are often better tolerated than older drugs. However, all AEDs have the potential to exert detrimental effects on cognitive function; a thorough appreciation of the negative cognitive effects linked to a variety of AEDs makes a crucial contribution to therapeutic successes (Meldrum, 2002) . As a means of evaluating the side-effect profile of AEDs in combination, all available combinations should be tested on animals. It is widely accepted that in animal models, some neurotoxic effects produced by AEDs in combinations can easily be determined, which may be sufficient enough for further clinical use in patients (Loscher & Notting, 1991) . To properly assess the neurotoxic profile of AEDs in combinations, several behavioural tests can be conducted which include; rota rod performance, chimney tests and locomotor activity in rodents (Saraswathy et al., 2015) .
Effect of administration of carbamazepine and/or phenytoin on locomotor and rearing activities in Wistar rats
Phenytoin has been shown to significantly reduce the spontaneous motor activity, indicating the central nervous system depressant effect of the drug (Coenen et al., 1995) . Phenytoin has induced muscle weakness and motor incoordination in rats indicated in impaired rota rod performance of the rats, (Aliyu et al., 2016) reported that when comparing the administration of phenytoin and carbamazepine for some motor tests in rats, the performance of rats taking carbamazepine is faster.
Memory impairment following AED administration, including CBZ and PHE, with greater deterioration in memory following CBZ than those repeatedly-dosed with PHE (Shannon & Love, 2004) , has been observed. (Wamil & McLean, 1993) , reported that PHE significantly decreased the retention latency in the passive avoidance test, similar to what was recorded in this study. In addition, (Thakur et al., 2011) showed that chronic PHE treatment caused memory impairment and that neuronal damage to the hippocampus, cortex, cerebellum and midbrain by PHE may be responsible for the impairment. Different studies have shown that both phenytoin and carbamazepine seem to have negative effects on cognitive performance, particularly on tasks with significant motor and speed components; practice effects were noted and may account for much of the improvement when patients stopped taking the drugs (Pulliainen & Jokolliainen, 1994) . Phenytoin has been implicated in the decline in concentration, memory, visuomotor functions and mental speed (Andrews et al., 1986) ; (Gillham et al., 1988) ; (Aman et al., 1994) . These effects may be doserelated (Bourgeosis, 2004) , (Aldenkamp et al., 1994) reported that there is no relationship in the cognitivemotor performance. But (Duncan et al., 1990 ) reported a slowed performance on information processing tasks with phenytoin in comparison with carbamazepine, but no differences for memory or selective attention. Some investigators reported more detrimental effects on memory by phenytoin than carbamazepine (Pulliainen & Jokolliainen, 1994) ; (Andrews et al., 1986) . A doubleblind placebo-controlled study indicated that attention and motor performance may improve after withdrawal (Duncan et al., 1990) , and similar improvements in concentration and psychomotor performance were noted in another controlled study (May et al., 1992) . (Pulliainen & Jokolliainen, 1994) concluded that the long-term effects of phenytoin on cognition are relatively few and restricted mainly to some visually guided motor functions. A number of cognitive and psychomotor effects have been linked to carbamazepine (Gillham et al., 1988) . A randomized, double-blind, placebo-controlled study involving 150 epilepsy patients on AED monotherapy (mainly carbamazepine or valproate) found that drug discontinuation significantly improved performance in tests that required complex cognitive processing under time pressure, but not in more simple tasks of attention and reaction time (Henssen et al., 2006) . A later study reported similar findings, with improved performance in a verbal fluency task, a Stroop task, a language task and a reaction time task after discontinuation of carbamazepine (Hessen et al., 2009) . In relation to other AEDs, it has been suggested that carbamazepine has a cognitive profile that is worse than levetiracetam (Lee et al., 2011) and lamotrigine (Gillham et al., 1988) but better than phenytoin (Pulliainen & jokolliainen, 1994) ; (Andrews et al., 1986) . However, (Coenen et al., 1995) reported that the cognitive profiles of valproate and carbamazepine were similar except for some aspects of attention and memory, in which individuals taking valproate scored better. These effects appear mild when compared with those of phenytoin and phenobarbital. A study of patients with partial epilepsy showed no impairments in selective REVIEW ARTICLE attention and memory compared with the control, although slower information processing speed was seen with monotherapy (Gillham et al., 2000) . Despite none decline in coordination, memory, concentration or mental flexibility, a lack of practice on tasks appeared to suggest subtle changes in cognitive function (Engelberts et al., 2002) . It was reported that carbamazepine did not have significant negative effects on memory and attention tasks, although performance improved slightly after withdrawal in children with partial epilepsy (Prevey et al., 1996) . Beneficial effects reported on memory include improved immediate memory and late recall (Bittencourt et al., 1993) and better retrieval from episodic and semantic memory in adults and adolescents (Seidel & Michelle, 1999) . Controlled-release medication may be most beneficial in memory and visual information processing (Kalvia et al., 1995) . Despite these encouraging findings, some investigators suggested that carbamazepine is more likely to lead to cognitive deterioration than improvement (Aldenkamp et al., 1987) . Factors that may be related to a greater incidence of cognitive effects include higher dose (Hemsteadter & Witt 2010) longer duration of intake (Shehata et al. 2009 ) and polytherapy (Bourgeosis, 2004) . Apart from its effects on epileptic patients, AEDs have been shown to impair learning, even in healthy subjects (O'Dougherty et al., 1987) .
Conclusion
The risk of AEDs' cognitive side effects is increased with polypharmacy and at higher dosages and higher AED blood levels (Loring % Meador, 2001 ). The administration of carbamazepine and/or phenytoin caused cognitive impairment and alterations in neurobehaviour. This in essence indicates that learning and memory of individuals taking these drugs could be affected particularly with long term use. It is therefore important that the aforementioned parameters should be monitored so as to alleviate the expected side-effects. Additional studies are needed to compare the relative effects of all the new antiepileptic drugs to each other and to the older ones. 
